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© The present invention relates to a timing logic 
implementing the synchronization of a portable tele- 
phone with a GSM network for maintaining the syn- 
chronization in all operating states of the telephone. 
The logic comprises a frame number counter (1), 
which is incremented by means of a frame interrupt 
derived from a frame length counter (2). In the frame 
length counter values are loaded from registers (3 or 
4), which state whether the frame length is normal or 
deviating. From a neighbouring base stations 1 timing 
difference counter (6) the moment is obtained when 
reception of-synchronizing frame or BCCH data of 
neighbouring base stations is started. The difference 
of frame numbers and the frame timing bar timing 
difference between the own base station and the 
neighbouring base stations are stored in a neigh- 
bouring base stations' timing register (9), wherefrom 
the timing difference is loaded via a timing dif- 
ference register (5) into the neighbouring base sta- 
tions timing difference counter (6). A transmission 
advancing timing counter (7) gives the start pulse. 
The counter (7) receives the advancing value from 
the own base stations' timing registers (1 0), in which 
the transmission advancing value given by the own 
base station, and the value of the absolute reception 
time interval has been loaded. 
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The present invention relates to a timing logic 
with which the synchronization of a GSM portable 
telephone with the GSM network can be imple- 
mented and the synchronization in all operating 
conditions of the telephone maintained. 

GSM differs from the portable telephone sys- 
tems currently used most strongly specifically re- 
garding the radio system. In addition to the fact 
that fully digital transmission technique is applied 
on the radio path, also time division multiple ac- 
cess (TDM A) is used in the data transmission. The 
channels of the radio system can be divided into 
two categories: traffic channels (TCH), by which 
speech and user data are transmitted, and control 
channels (CCH). The control channels can in turn 
be divided into five categories, of which in the 
context of the description of the present invention 
reference is primarily made to the broadcast con- 
trol channel (BCCH), which is a one-way channel 
from a base station (BS) to a mobile station (MS) 
and by which, for instance, synchronizing and fre- 
quency correction information is sent, by the aid of 
which the mobile station locks into the system. The 
channel structure is composed of consecutive 
frames. One such TDMA frame comprises eight 
time intervals. The duration of one time interval is 
about 576.9 ms, i.e., the duration of 156.25 bits. 26 
or 51 TDMA frames constitute a multiple frame and 
similarly, 51 or 26 multiple frames constitute a 
superframe (= 1326 TDMA frames), and finally, 
2048 superframes constitute one hyperframe ( = 
2,715,648 TDMA frames), its duration being 3 h 28 
min 53 sec 760 ms. The TDMA frames are con- 
secutively numbered from 0 to 2,715,647, and the 
numbering restarts after the last number. The bits 
belonging to each TDMA frame time interval are 
transmitted as a burst, these being of four kinds, 
and of them the frequency correction burst (FB) 
transmitted by the base station on the broadcast 
control channel BCCH is used for frequency syn- 
chronization of the mobile station and the synchro- 
nizing burst (SB) for time synchronization. The first 
mentioned burst is equivalent to an unmodulated 
carrier wave, and the latter includes for instance 
the TDMA frame number (FN). 

The timing of time intervals, TDMA frames, the 
frames of traffic channel TCH and control channel 
CCH have been made proportional to joint counters 
which are continuously running irrespective of 
whether the base station and the mobile station are 
transmitting or not. In other words, after the mobile 
station has determined the correct setting of said 
counters, all of its functions have become synchro- 
nized with the base station serving at that moment. 
The MS times its transmission to the base station 
on the basis of the transmissions received there- 
from. The base station transmits each mobile sta- 
tion an advancing value for the transmission, which 



it has measured from the propagation delay be- 
tween its transmitted and received signal on the 
distance BS-MS-BS. The MS alters its timing ac- 
cordingly, which results in any signals arriving at 

5 the base station from various mobile stations being 
compensated for the propagation delay. 

According to the GSM specification, the timing 
state of the signals transmitted by the base station 
and the mobile station is determined by a quarter 

10 bit counter QN having a counting range from zero 
to 624, a bit counter BN with counting range 0 to 
1 56, a time interval counter TN with counting range 
from zero to seven, and a TDMA frame number 
counter FN with counting range from zero to 

75 2,715,647. The initial setting suggestion and in- 
crementation of said counters are introduced in the 
specifications as well as the suggestion to store the 
equivalent values of adjacent base stations with a 
view to a handover situation. The mobile station is 

20 only allowed to transmit if its carrier wave fre- 
quency is the same as that of the base station and 
if its timing difference from the base station is not 
in excess of 2 microseconds. The timing difference 
is corrected using time steps of which the length 

25 corresponds to the duration of one quarter of a bit, 
and adjustment is made at time intervals not less 
than 1 sec, nor over 2 sec, until the timing dif- 
ference is less than the duration of 1/2 bit. 

The specifications give no exact instructions for 

30 synchronizing the mobile station with the GSM 
network; the manufacturers may themselves re- 
solve their synchronizing problems within the 
scope of the specifications. The present invention 
is a solution to the synchronizing problem. The 

35 timing logic of the invention is composed of regis- 
ters and counters, and it is characterized by that 
which is stated in the characteristic features part of 
claim 1. 

The invention is described in detail, reference 
40 being made to the accompanying figures, in which: 
Fig. 1 

presents the block diagram of the timing logic. 
Figs 2a and 2b 

illustrate the position of the relative frame timing 
45 in relation to the absolute frame timing when the 
reception time interval is 0 and 3, and 
Figs 3a and 3b 

illustrate the incrementation of the frame number 
counter when the listening time interval 
so changes. 

The timing logic described in the present in- 
vention makes use of a relative frame timing. This 
means that the portable telephone always per- 
ceives the reception time interval as zero time 
55 interval, irrespective of what the absolute time in- 
terval is which is stored in the timing register of the 
base station. In Figs 2a and 2b is visualized what 
the relative frame timing means. In Figs 2a and 2b, 
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the symbol Fix stands for the receiving time inter- 
val, Tx for the transmission time interval and M for 
the monitoring time interval during which the porta- 
ble telephone is listening to neighbouring base 
stations. The upper time interval continuum in Figs 
2a and 2b refers to the absolute frame timing and 
the lower, to the relative frame timing. Thus, the 
length of the frame timing bar is 8 time intervals, 
and the frame timing bars have been indicated in 
the figures with arrows. In Fig. 2a, the reception 
interval is zero whereby in this case the relative 
frame timing bar is the same as the absolute frame 
timing bar. 

In Fig. 2b, the reception time interval Rx of the 
portable telephone is the time interval No. 3, and 
therefore the relative frame timing bar used by the 
timing logic is offset by three time intervals from 
the absolute frame timing bar, which is stored only 
in the timing register of the own base station. 

Figs 3a and 3b show graphically how changes 
in the listening intervals are taken into account in 
counting the frame numbers. The running number 
0 to 7 above the time interval continua represents 
absolute time interval numbering; thus, the interval 
0 to 7 represents one absolute frame. As was 
stated above, the telephone uses a relative frame 
rate, its frame number counter being incremented 
always at the beginning of a reception interval R, 
and this incrementing is indicated by arrows point- 
ing downwards. The numbering n, n + 1, n + 2 etc. 
on top in Figs 3a and 3b, of the time line segments 
corresponding a length equal to the duration of one 
frame represents e.g. the absolute frame number. If 
now in a frame (Fig. 3a) the receiving interval for 
one reason or another changes from smaller to 
larger, e.g. from interval number 0 to number 3 
(Fig. 3a), one can see that the frame number 
counter counts correctly in spite of the change, but 
if the listening interval changes from larger to 
smaller, e.g. from number 4 to number 1, we can 
see that during the frame n + 2 no incrementation 
at all would take place. In this instance the frame 
number counter in the telephone would have fallen 
behind the correct frame number at the frame n + 
3. Therefore, an extra incrementation of the coun- 
ter, or an extra frame interrupt, is effected during 
the frame length correction frame. It is thus under- 
stood that an extra frame interrupt is ordered when 
the absolute listening interval R changes in nega- 
tive direction, for instance from 4 to 1, in which 
case one proceeds forward and skips one frame, 
as has been graphically shown in Fig. 3b. This 
matter is described more in detail below. 

Figure 1 shows the counters and registers of 
the timing logic of the invention in the form of a 
block diagram. As mentioned on page 2, the mo- 
bile station needs for its synchronization informa- 
tion on the TDMA frame number FN (0-2,715,647), 



on the time interval number TN (0-7) and on the 
quarter bit number QN (0-624) with which synchro- 
nization can be performed. In addition, the cor- 
responding information from the neighbouring base 

5 stations is required in view of handover situations. 
This information is supplied to the telephone by the 
base station. Four counters are used in the timing 
logic: the frame length counter 2, frame number 
counter 1 , adjacent base stations timing difference 

io counter 6, and advancing transmission timing coun- 
ter 7. There are six registers: the frame length 
register 3, accomodating one TDNA frame or 8 
time intervals, each of these containing 156.25 bits, 
the frame length correction register 3 its maximum 

75 length being two TDMA frames, or 16 time inter- 
vals, the base stations timing difference register, 
the transmission advancement timing register 5, 
own base station timing registers 10, and neigh- 
bouring base stations timing registers 9. 

20 The basic interaction between said registers 

and counters and their interconnections are as fol- 
lows, reference being made to Fig. 1. 

The frame number counter 1 counts the run- 
ning absolute frame number FN of the TDMA 

25 frames comprised in the hyperframe, which num- 
ber can have, as mentioned on page 2, values from 
0 to 2,715,647. The frame number counter 1 is 
incremented by means of a frame interrupt coming 
from the frame length counter 2 at the end of each 

30 relative TDMA frame, or it may also be incre- 
mented by means of an extra frame interrupt gen- 
erated when the receiving time interval changes in 
negative direction, as was already described refer- 
ring to Figs 3a and 3b. In connection with a change 

35 of base station, in the handover situation, the new 
base station gives the new frame number, which 
will be the counter reading, and starting from which 
the portable telephone will count the frame num- 
bers by itself. 

40 In the frame length register 3 the standard 
frame length, 8 x 156.25 bits is always loaded. The 
accuracy of the register is one quarter of a bit. The 
value in this register is loaded into the frame length 
counter 2 when there are no changes of timing. 

45 A correction frame, counted from the timing 

change, is loaded into the frame length correction 
register 4. The length of the frame length correc- 
tion frame is the difference of listening time inter- 
vals when the listening time interval changes. For 

50 instance, in the case shown in Fig. 3b the correc- 
tion frame comprises 13 time intervals or 13 x 
156.25 bits. The maximum length of the correction 
register 4 is 2 frames and its value is loaded into 
the frame length counter 2 when the time interval 

55 changes or when the timing slips more than the 
specification allows. 

It is thus understood that normally in the frame 
length counter 2 is loaded the value of the frame 
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length register 3 and when changes take place, the 
value of the frame length correction register 4. The 
counter 2 counts the frame length with the accu- 
racy of one quarter of a bit, and therefore it also 
provides a bit clock of 1/4 bit accuracy for other 
uses in the telephone. This accuracy is the highest 
accuracy demanded in the GSM specification. The 
length of the frame length counter is two frames, 
and it generates the frame interruption in the frame 
number counter 1, thus incrementing it every time 
it flows over. Since now the frame length counter 2 
counts the frame length with the accuracy of 1/4 bit 
and increments the frame number counter 1 so that 
the frame number is correct, this implies that ac- 
curate timing has been achieved. The bit number 
BN of the frame can be calculated according to the 
specification so that it is the integer part of the 
division QN/4, and the time interval counter TN is 
incremented every time when QN changes from 
624 to 0. 

The timing must be preserved also when base 
stations are switched, and for these so-called han- 
dover situations are needed according to the inven- 
tion: the neighbouring base stations* timing regis- 
ters 9, the base stations timing difference register 
5, and the neighbouring base stations* timing dif- 
ference counter 6. The timing function associated 
with such a handover situation shall now be de- 
scribed, reference being still made mainly to Fig. 1. 
In Figs 2 and 3 the time interval M represents the 
time, during which the MS is monitoring the neigh- 
bouring base stations. The MS scans all transmis- 
sion frequencies, measures the signal levels of the 
carrier waves of the neighbouring base stations at 
each frequency and thererafter arranges the stron- 
gest six stations in a sequence. After sequencing, it 
receives on the broadcast control channel the req- 
uisite system parameters of the base stations from 
the synchronizing and BCCH bursts. The mobile 
station MS performs continuous sequence updating 
by continuously measuring the power, and at given 
intervals it receives a synchronizing burst. When 
among the measured signal levels appears a signal 
level surpassing the lowest signal level among the 
six stations kept in memory and having a fre- 
quency different from that of any one of the six 
stations kept in memory, it is ascertained that a 
new neighbouring station is concerned, and the 
station sequence is then updated. If, on the other 
hand, the frequency coincides with the frequency 
of one of the six stations in memory, decoding the 
synchronizing burst and its comparison with the 
synchronizing burst of the station in memory with 
the same frequency reveals that a new neigh- 
bouring station is concerned. These matters are 
more closely described in the GSM system speci- 
fication. In this manner one is prepared to move 
over to the coverage area of any neighbouring 



base station. 

In the base stations' timing difference register 
5 is stored the information on the difference in 
frame bar timing between the own base station and 

5 a neighbouring base station when information is 
received from a neighbouring base station. It will 
load the timing difference into the neighbouring 
base stations timing difference counter 6, which 
counts the timing difference of the TDMA frames of 

70 the own base station and the neighbouring base 
stations and outputs a frame interrupt of the neigh- 
bouring cell on overflow. The interrupt states the 
moment at which starting reception of information 
from the neighbouring base station is commenced. 

75 As described above, the timing difference be- 
tween base stations is stored in the base stations' 
timing difference register 5. This difference is ob- 
tained from the neighbouring base stations' timing 
registers 9, which contain timing information relat- 

20 ing to neighbouring base stations. Concerning the 
six strongest neighbouring base stations the timing 
difference between the own station and each neigh- 
bour has to be kept in storage, as well as the 
absolute frame number difference. The absolute 

25 frame number of a neighbouring base station and 
its timing difference (the difference between the 
frame of the own base station and that of the 
neighbouring base station) are obtained from the 
information received during the monitoring time 

30 interval M p as described above. 

For the mobile station MS to be able to start its 
transmission precisely at the right moment, the 
timing advance timing counter 7 supplies a start 
pulse for the transmission. In principle, the counter 

35 starts the count at the beginning of a frame and 
counts up to the transmission time interval, and 
taking into account the transmission advancement 
value which is obtained from measuring the signal 
propagation delay on the distance "base station - 

40 mobile station - base station " and the inherent 
delay in the logic of the telephone, the counter 7 
counts the transmission advancement value and on 
overflow generates the transmission start pulse. 
The transmission start pulse gives the starting mo- 

45 ment for the bit sequence to be transmitted. 

The transmission advancement timing differ- 
ence counter 7 receives the advancement value 
and the delay from the transmission advancement 
timing register 8, in which the transmission ad- 

50 vancement value is stored, with which the base 
station controls the transmission time of the porta- 
ble telephone. The portable telephone adds the 
delay of its own transmission logic to the advance- 
ment value. The timing register 8 in turn obtains 

55 the transmission advancement value from the tim- 
ing registers 10 of its own base station. These 
registers contain timing information relating to the 
base station in use. The transmission advancement 
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value comes from the base station (the base sta- 
tion transmits at every 13th frame) and it is stored 
in the register until the base station transmits a 
new value. The reception time interval, obtained 
from the timing registers 10, states the absolute 
reception time interval, which is used as basis for 
the relative timing. It is kept in storage in the timing 
register of the own base station. 

In the foregoing the counters and registers 
required in the timing according to the invention 
have been briefly described. Their operation is 
described below more in detail, in the different 
operating states of the telephone. These operating 
states are as follows: 

(1) initial synchronizing, in which the portable 
telephone is synchronized with the GSM net- 
work, 

(2) listening state, in which the portable tele- 
phone listens to a connection call from the net- 
work, 

(3) call establishing, in which speech connection 
is established, and 

(4) active state, in which the call is in progress. 
The following operations are carried out in the 

initial synchronizing: search of channels, in which 
the signal strength of all frequencies of the GSM 
network is measured and they are arranged by 
their magnitude; pure sine wave search (PSW), in 
which from one channel the sine wave frame 
present in its frame structure is found; search for 
synchronizing frame, in which the synchronizing 
frame present in the frame structure is found, and 
reception of the BCCH data, in which the system 
parameters are received from the network. 

When the telephone is switched on, all timing 
registers are first initialized. During channel search 
and PSW search, the initialized values are used, 
that is, the frame length counter 2 is loaded from 
the frame length register 3, which has the standard 
frame length. After arranging the channels in the 
sequence according to magnitude of signal 
strength, the sine wave frame (PSW frame) is 
searched from the strongest channel, by the posi- 
tion of which the coarse frame timing can be cal- 
culated. Now the correction frame is written from 
the frame length correction register 4 into the 
frame length counter 2, correcting therewith the 
timing to be roughly correct. At this stage, the 
timing accuracy is on the order of a few bits, 
depending on the calculation algorithm used. The 
exact timing accuracy can be calculated from the 
synchronizing frame received from the same base 
station having the strongest signal. The synchroniz- 
ing frame contains a long teaching sequence (a 
known bit sequence), by correlating which the tim- 
ing is found with an accuracy of 1/4 bit. The 
correction frame for the precise timing is loaded 
into the frame length counter 2 via the frame length 



correction register 4. Subsequent to receiving the 
synchronizing frame, the portable telephone has 
become accurately synchronized (with 1/4 bit accu- 
racy) with the network. From the synchronizing 

5 frame also the absolute frame number FN is cal- 
culated, which is loaded into the frame number 
counter 1. The reception of the BCCH data influ- 
ences the timing that insofar therefrom can be 
ascertained whether the base station to which syn- 

10 chronization was made is a permissible base sta- 
tion for the particular portable telephone or whether 
the synchronizing procedure must be restarted to 
the next strongest base station. In the BCCH data 
reception exact timing is used. 

75 After carrying out the initial synchronizing, and 

if a call is not immediately set up, the telephone 
remains in the listening state, in which it is listening 
for a connection call from the network. In the time 
between the calls the telephone is also in this state. 

20 As regards the timing, the listening state comprises 
the following operations: exact timing correction 
changing the time interval, reception of the signal 
strengths of neighbouring base stations, synchro- 
nizing frame and BCCH data, and switching base 

25 stations. 

Correction of accurate timing has to be made 
according to the GSM specification if the timing 
slips more than two microseconds (a half bit) from 
its current value. The slip is measured by averag- 

30 ing over a constant time locations of the energy 
maxima of the pulse responses in the teaching 
sectors of bursts received. If the mean deviates 
more than half a bit from the current timing value, a 
timing correction is made. The correction is made 

35 by loading at 1 to 2 second intervals a correction 
frame in the frame length correction register 4, 
which corrects the timing by 1/4 bit. Correction 
frames are applied until the timing error is once 
again less than 1/2 bit. 

40 In listening state the operation change of time 
interval implies changing the relative frame timing. 
The relative frame is counted as starting at the 
beginning of the listening time interval, as de- 
scribed above on pages 3 and 4. If the listening 

45 time interval changes to become larger, the timing 
correction is made by loading a correction frame 
through the frame length correction register 4 into 
the frame length counter 2 which changes the 
timing and the relative frame timing bar to be 

so consistent with the new listening time interval. If the 
time interval changes from a longer to a shorter 
one, one frame is skipped. The skip over one 
frame must then be taken into account in the 
length of the correction frame. At a frame skip, an 

55 extra frame interrupt must be generated for the 
timing logic, so that the frame number counter 1 
counting the absolute frame number FN might re- 
main on the correct value. This aspect is described 
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in the foregoing on page 4, referring to Figs 3a and 
3b. When the reception time interval changes, the 
absolute reception time interval is stored in the own 
base station timing register 10. 

In the third operation of the listening state, that 
is, when measuring the signal strengths of neigh- 
bouring base stations, the same timing is used. 
Accordance to the GSM specifications, the syn- 
chronizing frame and BCCH data must also be 
received from the six strongest neighbours. At re- 
ceiving the synchronizing frame, the sine wave 
frame, the PSW frame, of the neighbouring base 
station is first found using the own base station's 
timing. 

The location of the PSW frame reveals the 
coarse timing of the neighbouring base station. The 
difference between the exact timing of the own 
base station and the rough timing of the neigh- 
bouring base station is loaded into the base sta- 
tions 1 timing difference register 5, which loads it 
into the neighbouring base stations' timing differ- 
ence counter 6. When the synchronizing time inter- 
val of a neighbouring base station is being re- 
ceived, the base stations timing difference counter 
6 generates, on the basis of the timing difference, a 
frame interrupt in the neighbouring cell at that 
moment when the reception of the synchronizing 
frame of the neighbouring base station is com- 
menced. The synchronizing frame yields the ac- 
curate difference for the timing between the neigh- 
bouring base station and the own base station. This 
accurate timing difference between the base sta- 
tions is loaded into the base stations timing register 
5 and hence into the base stations timing dif- 
ference counter 6. This counter 6 generates a 
frame interrupt in the neighbouring cell, which tells 
the starting moment of BCCH data reception. The 
timing difference between base stations is also 
stored in the neighbouring base stations 1 timing 
register 9. From the received synchronizing frame 
also the frame number difference between the 
frame numbers of the own and the neighbouring 
base station is calculated and stored in the neigh- 
bouring base stations' timing register 9. Said pro- 
cedure is performed for all six strongest neigh- 
bours. When a new base station appears among 
the six strongest neighbouring base stations, its 
synchronizing and BCCH frames are received, and 
the timing difference between base stations and 
frame number difference are calculated for it, ac- 
cording to the procedure described above. 

Base stations are switched when during the 
movement of the portable telephone one of the 
neighbouring base stations becomes better than 
the current own base station. As regards timing, 
this means that on the basis of the timing dif- 
ference of the neighbouring base station, a frame 
length correction frame is calculated, with which a 



timing correction is made in connection with base 
station switching. Similarly, on the basis of the 
frame number difference of the base stations, the 
absolute frame number FN of the new base station 

5 is calculated which is loaded into the frame number 
counter 1. Since the previous own base station at 
the base station switching becomes a new neigh- 
bouring base station, its timing difference and 
frame number difference relative to the new own 

10 base station has to be calculated. In practice this is 
done by complementing the timing and frame num- 
ber difference, and associating them with the pre- 
vious own base station. 

The timing in initial synchronizing and in the 

75 listening state is explained above. Thirdly, the op- 
eration of the timing logic of the invention in call 
establishing is now described. As regards timing, 
the following operations are included in call estab- 
lishing: correction of exact timing, changing the 

20 time interval, timing of transmission, reception of 
the signal strengths and synchronizing frame of 
neighbouring base stations, and base station 
switching. 

Correction of the exact timing and change of 

25 time interval are carried out as explained in the 
preceding paragraph in connection with the de- 
scription of the listening state. 

Advancing transmission is used because the 
distance of the portable telephone from the base 

30 station is continuously changing, and the base sta- 
tion corrects the timing change due to the move- 
ment, with the transmission advancing value. When 
data is transmitted for the first time to a base 
station, the portable telephone uses the transmis- 

35 sion advancing value 0. After receiving a first data 
burst transmitted by the portable telephone, the 
base station BS measures the transmission ad- 
vancement value and sends it to the portable tele- 
phone included in its control frame. The transmis- 

40 sion advancement value plus correction value for 
the delay in the transmission logic are written into 
the transmission advancing timing register 8, which 
loads it into the transmission advancement timing 
counter 7. The timing counter 7 calculates the 

45 advancement value and generates the transmission 
start pulse at the moment when the transmission 
has to be started. The transmission advancement 
value is stored in the own base station's timing 
register 10. When the base station transmits a new 

so transmission advancement value, the contents of 
the transmission advancing timing register is cor- 
rected and the new advance value is stored in the 
own station's advance register 10. 

During the call establishment, measuring of the 

55 signal strengths of neighbouring base stations and 
reception of the synchronizing frames of the six 
strongest neighbours are carried out as has already 
been described in the preceding paragraph. 
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Base station switching during call establishing 
is done as described above. 

In the fourth operating state, that is, in the 
active state, the timing logic of the invention com- 
prises the following operations in view of timing: 
correction of exact timing, change of time interval, 
timing of transmission, reception of signal strengths 
and synchronizing frame of the neighbouring base 
stations, and base station switching. 

These operations are not different from what is 
described above in the contexts of initial synchro- 
nizing, listening state and call establishing; they are 
obvious to a person skilled in the art, and they are 
not therefore described again in detail in the 
present context. 

In the manner described above, the timing 
functions of a GSM portable telephone and its 
operation in the network can be implemented in all 
operating states. The timing logic of the invention 
is implementable either with software or by hard- 
ware design. The software alternative has the ad- 
vantage of flexibility, but it imposes a heavy load 
on the processor with which the timing should be 
carried out. The hardware alternative would present 
the advantage of small size and low power con- 
sumption, while hampered by high modification 
cost. The hardware can easily be made part of a 
VLSI circuit. Owing to the modular nature of the 
timing logic of the invention, it can be implemented 
as a combination of the hardware design and soft- 
ware design, whereby the good points of both can 
be combined. 

Claims 

1. Timing logic in a portable telephone of the 
GSM system employing time division multiple 
access (TDMA) and its channel structure con- 
sisting of consecutive numbered TDMA frames 
with 8 time intervals each, the base station 
sending the transmission advancing value to 
each portable telephone individually, and on a 
broadcast control channel frequency correction 
burst, synchronizing burst and the system pa- 
rameters, characterized in that the logic 
comprises 

- a frame length counter (2), which on 
overflow increments the frame number 
counter (1) and in which the value from a 
frame length register (3) containing the 
standard frame length or the value from 
a the correction register (4) is loaded, 

- a neighbouring base stations' timing reg- 
ister (9), in which are stored the frame 
number difference of the own base sta- 
tion and at least six neighbouring base 
stations, and the timing difference of the 
frame bars, and from which the timing 



difference value of one frame timing bar 
at a time is loaded into a base stations 
timing difference counter (6) and from 
there further into a neighbouring base 

5 stations 1 timing difference counter (6), 

which, on overflow, indicates the moment 
from which the reception of the synchro- 
nizing frame or BCCH data from a neigh- 
bouring base station is commenced, 

io - own base station's timing registers (10), 

in which are stored the transmission ad- 
vancing value given by the own base 
station and the value of the absolute re- 
ception time interval, and from which the 

76 advancing value is loaded into a trans- 

mission advancement timing register (8), 
wherefrom it is loaded into a transmis- 
sion advancing timing counter (7), which 
when on overflow, gives the start pulse 

20 for transmission. 

2. Timing logic according to claim 1, character- 
ized in that the frame length correction register 
(4) is employed for changing the timing. 

25 

3. Timing logic according to claim 2, character- 
ized in that if the reception time interval (Rx) 
changes from larger to smaller, the frame num- 
ber counter (1) is incremented during the 

30 frame length correction frame. 

4. Timing logic according to claim 1, character- 
ized in that the timing difference and frame 
number difference relative to the own base 

35 station of at least six strongest neighbouring 

base stations is calculated in that the rough 
value of the timing difference obtained in fre- 
quency correction burst is loaded from the 
base station timing difference register (5) into 

40 the neighbouring base stations' timing differ- 
ence counter (6), which receiving data of each 
neighbouring base station generates a frame 
interrupt at the moment of receiving the syn- 
chronizing frame of the neighbouring base sta- 

45 tion, and from the synchronizing frame said 

timing difference and the frame number dif- 
ference are calculated, these being stored in 
the base stations timing difference register (5) 
and in the neighbouring base stations timing 

50 register (9). 

5. Timing logic according to claim 4, character- 
ized in that when at base station switching, a 
frame length correction frame is calculated on 

55 the basis of the timing difference stored in the 

neighbouring base stations timing register (9) 
which correction frame is being loaded into the 
frame length correction register (4), and a new 
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frame number is calculated from the base sta- 
tion frame number difference to be set in the 
frame number counter (1 ). 

6. Timing logic according to claim 1, character- 5 
ized in that the advancing value transmitted by 

the base station is stored in the own base 
station's timing register (10), wherefrom it is 
loaded into the transmission advancement tim- 
ing register (7), the contents of which are then 10 
loaded into the transmission advancement tim- 
ing counter (7), which generates a transmission 
start pulse. 

7. Timing logic according to claim 1, character- 75 
ized in that the relative frame timing bar is 
used in the timing, whereby the timing logic 
maintains the reception time interval (Rx) al- 
ways at zero time interval regardless of what 

its absolute time interval may be. 20 



25 



30 



35 



40 



45 



50 



55 



8 



BEST AVAILABLE COPY 



EP 0 474 138 A2 



NEW FRAME NUMBER 



EXTRA FRAME 
INTERRUPT 



FRAME LENGTH REGISTER 
(ONE FRAME) 



FRAME LENGTH COR- 
RECTION REGISTER 
(MAX . 2 FRAMES) 



FRAME 


NUMBER COUNTER 






FRAME 






INTERRUPT 


FRAME 


LENGTH COUNTER 


(MAX T 


2 FRAMES) 



BIT CLOCK 



FRAME LENGTH 
CORRECTION FRAME 



BASE STATIONS' TIMING 
DIFFERENCE REGISTER 




NEIGHBOURING BASE 
STATIONS' TIMING 
DIFFERENCE COUNTER 


NEIGHBOURING 




*^TIME INTERRUPT 



BASE STATIONS' 
TIME DIFFERENCE 



TRANSMISSION ADVANCEMENT 
TIMING REGISTER 



TRANSMISSION TIMIENG ADVANCE 
VALUE 

(TIMING ADVANCE) 



TRANSMISSION ADVANCEMENT 
TIMING COUNTER 



TRANSMISSION 
START PULSE 



TRANSMISSION TIMING RECEPTICK TIME 
ADVANCE VALUE INTERVAL 



OW* BASE STATICN'S 
TIMING REGISTER 



I 

BASE STATICN'S 
TIMING DIFFER- 
ENCE 




BASE STATICN'S 

FRAME NUMBER DIFFER-? 
INCE S^ATTCNS 



NEIGHBOURING BASE TIMING 
REGISTERS 



10 



FIG. 1 



9 



BEST AVAILABLE COPY 



EP 0 474 138 A2 



ABSOLUTE FRAME TIMING BARS INDICATED WITH ARROWS 



1 0 1 2 3 4 5 6 7 J 










& i m m 







;RX 



^TX^ 



1 Bfll w. 



RELATIVE FRAME TIMING BARS INDICATED WITH ARROWS 



FIG. 2A 



ABSOLUTE FRAME TIMING BARS INDICATED WITH ARROWS 



m. 





m 


;TX' 




rz?7z 


m 








\ \ 



RELATIVE FRAME TIMING BARS INDICATED WITH ARROWS 



FIG. 2B 



10 



BEST AVAILABLE COPY 

E P 0 474 138 A2 





N+1 : — N+2 




N+3 

3 4 5 


N 

0 1 2 3 4 5 6 7 


0123456701234567 


0 1 2 


|R I T| lijrt 


Rl 1 Ix| \H 1 1 


* 1 


! « 


R 1 1 . 




\ FRAME LENGTH COR- / 
\ RECTION FRAME / 







f T T 

INCREMENTATIONS OF FRAME NUMBER COUNTER INDICATED WITH ARROWS 



FIG. 3A 



■N+1- 



• N+2- 



-N+3- 



0123456701234567012 3456701 2345 









1 


"1 1 


T 


1 


M 




R 


1 M 1 






1 


1 
















\ FRAME IOENGTH CORREC- / 
\TION FRAME . . / 





EXTRA FRAME INTERRUPTION 



FIG. 3B 



11 



